Abstract: Starches from a variety of Sake-rice (Yamadanishiki, Gohyakumangoku, Miyamanishiki, Kita nishiki and Wakamizu) which are suitable for Sake brewing were investigated by comparing them with Koshi hikari starch to recognize their structural properties of amylopectins. The partial hydrolysate (about 15% hy drolysis) of starch with isoamylase was fractionated into three fractions (fr.1, fr.2 and fr.3) by gel permeation chromatography (GPC) with a Toyopearl HW-50S, and then the short-amylose chains derived mainly from the outer portion of the amylopectin collected in the fr.3 were analyzed by a HPAEC-system equipped with a pulsed amperometric detector (HPAEC-PAD). From comparison of the chain-length distributions between Sake-rice starches and that of Koshihikari, it was found that Sake-rice amylopectins were plentiful in longish chains around DP 13-23 and scarce in shortish chains around DP 6-12, suggesting a structural property sus ceptible to retrogradation. The pasting properties of Sake-rice starches analyzed by Rapid Visco Analyzer (RVA) showed higher pasting temperature (PT), higher setback (SB), and lower breakdown (BD) than Koshi hikari starch, suggesting the outer portions of amylopectin had abundant longish debranched short side chains. These results suggested that rice starches with amylopectins susceptible to retrogradation are adequate for Sake-rice.
Physical properties of starch are important for the quali ties of products based on starch and there are many stud ies on the relationships between information about the fine structures and physical analytical data. Materials. All rice cultivars used in this study were ob tained from Food Research Center, Aichi Industrial Tech nology Institute, Japan, and were cultivated in the year 2000 in Japan.
Preparation of starches. Starch was isolated from rice grains by using a cold 0.2% sodium hydroxide solution according to the alkali method12' with modification. The precipitate was washed with distilled water till the pH de creased to 7.0 and the protein could not be determined by the Bradford method.13) After being rinsed with ethanol, the starch was dried in the air, and then passed through a 100-mesh sieve.
Preparation of defatted starches. Starch (2g) was sus pended in dimethyl sulfoxide (40 mL), dissolved by shak ing at 37•Ž for overnight, poured gently in 100 mL methanol and left to stand overnight. The precipitate col lected on a glass-filter 3G-3 was rinsed successively with methanol and ether, and then dried in the air. The starch powder passed through a 100-mesh sieve was used. GPC of partial and complete hydrolysates on Toyopearl HW-505. GPC profiles of the partial and complete hydrolysates of starches are shown in Fig. 1 . The fractions eluted were classified into three fractions (fr.1, fr.2 and fr.3) by refer ring elution pattern of completely debranched rice starch in each case, and the data for the three fractions are shown in Table 2 . An approximate content of amylose was also estimated from the fr.1 and it was found that the results were similar to the apparent amylose contents de termined by the iodine affinity method. On the partial hy drolysate, halfway hydrolysate of amylopectin was eluted in fr.1 and the debranched short side-chains in the amy lopectin released were accumulated in fr.3. The de branched short side-chains in amylopectin could be con sidered to be very minor in the partial hydrolysate'' and almost all chains eluted in the lower molecular side at fr.3 could be speculated to be chains released from the outer layer of the amylopectin.
Chain-length distributions of the fr.3. Chain-length distributions of fr.3 in the GPC of partial hydrolysates were analyzed by HPAEC-PAD and those of Yamadanishiki, Gohyakumangoku, Miyamanishiki, Kita nishiki and Wakamizu were compared with that of Koshi hikari (Fig.2) . From the results, it could be estimated that amylopectins of Sake-rice starches have characteristic structures with a large amount of longish chains (DP 13-23) and a small amount of shortish chains (DP 6-12).
Starch pasting properties.
As shown in Fig.3 , RVA viscograms obtained for rice defatted starch at different slurry concentrations indicated Table 1 . Iodine affinities and amylose contents of rice starches. P, peak viscosity (maximum paste viscosity); H, hot paste viscos ity (minimum paste viscosity); C, cold paste viscosity (final viscos ity). Viscogram parameters of Sake-rice starches and Koshi hikari starch at various concentrations. Symbols P, H and C are explained in Fig. 3. a variety of patterns. When the slurry was heated, the granules began to swell and paste at pasting temperature (PT, the temperature when the viscosity reached one twentieth of the difference between the initial viscosity and the maximum viscosity). The viscosity increased and reached the peak viscosity (P, maximum paste viscosity achieved in the heating stage of the profile) until the Table 3 . Pasting viscosity parameters of rice starches at different concentrations . Table 4 .
Pasting viscosity parameters* of rice starches at 200 RVU of peak viscosity. swollen granules burst, and then decreased quickly to the base level of hot paste viscosity (H, minimum paste vis cosity achieved after holding at the maximum tempera ture). When the gelatinized starch was cooled with tap water, the viscosity increased again through retrograda tion. C is the cold paste viscosity (or final viscosity, the viscosity at the end of run). P-H is the breakdown (BD), and C-H is the setback (SB). The PT, P, H, C, BD and SB for starches tested at 6, 8, 10 and 12% slurries are summarized in Table 3 . These data seem to show tenden cies in the physicochemical properties of Sake-rice starch. Many PT, BD and SB values of Sake-rice starches were higher, lower and higher than that of Koshihikari, respec tively. As the SB values could be speculated to be related with retrogradation, the higher SB values of Sakerice starches at high concentrations led to the similar specula tion for Sakerice amylopectins in HPAEC-PAD. How ever, they had somewhat complicated and incoherent con tents indicated with shaded boxes in Table 3 .
To understand more clearly the correlation between the pasting property and amylopectin fine structure, the vis cosity parameters of P, H and C were plotted against the slurry concentration according to a report by K.R . Bhat tacharya et a1.20) and V. Singh et a1.4' Using the curves shown in Fig. 4 , the values of slurry concentration , H, C, BD and SB were calculated at a peak viscosity of 200 RVU and summarized in 
